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deviation, is the distance between the fractured and
ar.atomical axes of the bone analyzed (Fig. l). The
l :s deviation is measured at the level of the frac-
tuie.site. True angulation and fracture position are
the input variables. True angulation il calculatecl
from the angulation measured in the two stancjard
radiological views. This caiculation is based on the
assumption that the two radiological views were
taken almost at right angles to each other. This step
allows correct assessment of angulation irrespec_
tive of the relationship between the plane of angu-
la'ion and the plane of the radioiogical views. The
a is deviation is described as a percentage of the
total bone length, as bone length varies among sub-
jects. This also allows the same subject to bi fol_
lowed throughout growth. The basic steps in the
calculation of axis deviation are outlined in Fig. 2.
A more complete description of the axis devialion
index is described elsewhere (26).

Remodeling occurs in fractures positioned in the
distal part of the forearm. Frieburg(g,9), Hogstrom
e al. (12), and Ghandi et al. ( I 1) have all shown thisi, be a clear clinical entity. Ghandi has reported
some subjects in which deformities of 30" have cor-
rected themseives. Midshaft remodeling has been
shown to occur in dogs (13) and baboons (l). Hu_
man midshaft remodeling iias yet to be demonstrated.

The first aim of this study was to derermine if axis
deviation would predict outcome after pediatric
forearm fracture more accurately than fraciure true
anguiation or fracture position alone. Our second. rl was to determine if the midshaft remodels, and,
r. so, to describe the remodeling potential of the
pediatric forearm shaft in terms bf axis deviation.
Our final aim was to outline criteria for reduction
after shaft pediatric forearm fracture.

MATERIALS AND METHODS

Two studies were performed using axis deviation
to assess rutcome after pediatric forearm fracture.i'oth studies were retrospective with .iini"ut .._

:w. The firsr study was pedormed to describe the
axrs deviation concept, an'J it led io the second,
larger and more comprehensive review. In both
studies, all forearm fractr:res requiring reduction

llc. t. fn. concept of axis deviation. The anatomical andiracture axes are diagramatically represented. Axis deviation,s measured at the level of the fracture site. Although theradius is 
9r,r.u"d: the representation is drawn as a straightrne. Angulation is measured at the level of the fracture siteusrng the cortex proximal and distal to the fracture.

-o

b( r 00-o%) .K/
Fracture Axis 96 sin M

FlG. 2. The mathematical derivation is shown. The anatomi_
cal and fracture axes are represented. M is the true angula_
tion at the fracture site. The distances a and b are the dis_
tances between the fracture site and each end of the bone
measured on plain radiographs. The distance between the
fracture site and the end of the bone (D"k) can be expressed
as a percent of total bone length using the equation

D%=al(a+r)x100
Axis deviation can be expressed in angie D and, DVo as

AD=sinDx(100_D%)
The angle D can be determined using the equation

D = atan ((D% x sinllfll((D% x cos}4
+ (t00 _ D%))

were reviewed, excluding physeal fractures of the
distal radius.

Study I was derived from a review of the records
of 217 pediatric forearm fractures requiring closed
reduction from 1982 to 1985. The angulation of the
radius in the AP and lateral planes was measured
using the radiographs taken ai the time of union (or
cast removal). Eighty-eight patients had > 10. of an-
gulation on at least one of tLLe views. T,hese patients
were asked to attend review; 35 of the patiints re_
turned and were examined. The range oi pronation
and supination of both forearms wal examined, in_
cluding the range of wrist and elbow motion. No
follow-up radiographs were taken. Group one,
therefore, was preselected by angulaiion of the frac_
ture site at completion of treatment. The results
we.re used to cc'mpare axis deviation at the time of
union with the range of motion at review.
- Study 2 was a review of 150 children with i52
forearm fractures requiring closed reduction be_
tween 1980 and 1987. A total of 36g fractures vr'ere
reduced in this period...Of thii study grodp, i24 pa_
tients consented to radiographic ."u,iinuiion ut ."_
view, an average 4 years frbm fracture. As in the
first study, the range of pronation and supination of
both forearms was examined along with the range of
wrist and elbow movement. This portion of the
study evaluated the axis deviation's ability to doc_
ument remodeling of the bone, and was usid to fur-
ther outline the limit of acceptable deformity at the
time of union.

Axis deviation was calculated for the radius alone
for both studies. It was felt that the radius was the
more likely.to impinge during the arc of pronation
and supination, and that the ulnar deformity would
be similar to the radial deformity. In rhe second

Anatomical axis
Axis Deviation

Frac tu re
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study, there was a correlalion seen between the an-
gula-tion measured on the radius and the ulna. with
an rl value of 0.516. We attempted to assess radio-
logical malrotation using Milch's criteria (16), but
found it to be an unreliable technique.

In both this section and the Results, measured
angulation refers to the largest anguiation seen on
one radiological view. True angulation is the calcu-
lated angulation at the fracture site. Axis deviation
is the calculated distance between the anatomical
and deformed axes of the ra,lius, and is expressed
as a dimensionless unit, being a percentage of the
total bone length. Fracture position refers to the
point along the length of the radius where the frac-
ture lies. This is also expressed as a percent value,
with the radiocarpal.loint lying at \Vo and the radial
head at 100%. Distal third fractures are those frac-
tures between 0 and 33Vo (excluding physeal inju-
ries), and midshaft are injuries lying 6etween 33 and
66Vo. Forearm rotation refers to the range of prona-
tion and supination. with restriction being a de-
crease on the injured side compared with the con_
tralateral side.

Statistical analysis
In study 1, three sets of statistical analyses were

performed. The patients were categorized into two
subgroups: those with restriction of pro;r,ation or
supination and those with normal movement. Re-
striction wes defined as a decrease of pronation or
supination >10" in the injured arm compared to the
contralateral arm (21).

Using a single-factor analysis of variance
(ANOVA), the mean value of measured angulation
and axis deviation of the subgroups was compared.
A larger difference between these subgroupi indi-
cated the measure used would have more power-
ful predictive abiiity at the time of union as to the
long-te.rm prognosis. A second statistical analysis
used simpie regression and analysis of covariance
(ANCOVA) to correlare the degree of restriction of
movement with measured angulation, axis devia_
tion, true angulation, and fracture position. The
measure with the largest correlation coefficient
would be the best determinant of outcome.

In study 2, ANOVA and ANCOVA were used ro
assess factors correlating to restriction of motion at
time of re,riew (Fig. 3). These included axis devia-
tlon, true angulation (measured at time of cast re_
moval and time of review), fracture position, and
severity of the injury as assessed by the magnitude
of axis deviation at the time of piesentation. Re-
modeling was assessed using the improvement of
aris deviation or true angulation from rhe time of
cast removal to time of follow-up. Significance was
takenatp<0.05.

Demographic data

ln study l, l9 boys and l6 girls were examined.
The length of time between fracture and follow-up

J Ptdiatr Orrhop Vol. H. No.2, 1991

FlG. 3. Distribution of restriction for study 2. Left to right:black bar indicates restriction ot _ f O:,-f idnt giay Oar inci-cates restriction of .lO_20"; 
dark gray bar inlicaies restrjctir xof 2G-30"; cross-hatched bar inJrcates reitriciion of so.

examination. averaged 2.9 years (range 2_5 years).
Ut these children, 1l (7 boys,4 girls) had restricted
forearm rorarion averaging zZ.j" daei 10_100).
The restrjcted movement subgroup'had.u rn"un ug.
of 7.2 years, with a mean timi since fracture of 2.9years. Eight children had fraciured both bones ofthe forearm, and three a single bone. Seven frac-
tures wel:e midshaft, and four were distal . In the l.
boys^and 12 girls comprising the subgrouf wirh nor.
mal forearm rotation, the mear, ug."*ur'g.1 years,
and the mean lime since fl-;icturi .ru, U.l 1r"u.rFleven children had midshaft fractures, *O l: i-,uadistal fractures. Thirteen parients tratl-iractureO
bo-th bones, and ll a single bone.

^ In study 2 (95 boys,5S girts; rhe mean age ar
fracture was 8.1 yeais (rang-e r_ro vearii. eilnty-
seven fractures were on theleft anO ?.; were on theright, with two bilateral, The mean time between
fracture and review was 4.6 1,"o.s {ron!. l_9 years).
One-hundred fractures ,rere in the dr."stal third, 33
were in the midshaft, and four in the proximal third.

RESULTS

Study I

, Using a single-factor ANOVA (Table 1), the axis
deviation at time of cast reinovai showeci a signifi_cant difference between the restricted movement
subgroup (axis deviation meen 6.9) and the nonre-
stricted subgroup (axis deviation'mean +.C1. fh"
measured angulation showed no sienificant differ-
ence between the restricted rnovehent subgroup

BO

70

60

Number SO
ol
Subjects 40

30

20

10

'0

TABLE 1. Single-factor ANOVA
rtonre.rtric.tetl groups at tine ol

oJ rt'stritted and
t tt.tl retrtrtt'al"

Axis deviation True angulatirrn
Restricted movemenl
N onrestricted
F value
p value

6.87 * 3

+.n/ a l
1. ti6

< 0.05

04 17.'16 - 6. I I

ll l_5.0 *-s.66
l.l_i

>0. I

" Front Studv I
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(mean angulation 17.5") and the nonrestricted
mo_vement subgroup (mean angulation 15").

Simple regression analysis showed a significant
':orrelation in three areas (Table 2). The fbrearm
estriction at time of review correlated with the

amount of axis deviation (r = 0.71), the true angu_
llt'll ( = 0.68) and rhe measuied angulat[n
(0 65). There was no significant correlation between
fracture position and restricted forearm rotaiion.

Study 2

There was an overall significant restriction of
fbrearm rotation on the injured side compared to
re noninjured side (1.96.6. compared with 195.5").'ihe injured side had lost an aueruge of g.9.. Oniy

one subject complained of loss of fdrearm rotation.
This subject was l4 years old at time of injury and
had a midshaft injury to both bones with a 50" re_
striction in rotation. .The only factor that signifi-
cantiy correlated with restriciion of rotation was
axis deviation at time of review (r : 0.19). Factors
not correlated with restriction at time of ieview in_cluded axis deviation at the time of cast removal,'ue angulation (at time of review and at time of cast
removal), fracture position, and initial displacement
as assessed by magnitude of axis deviation at time
of presentation (Table; 3).

, Remodeling was assessed using improvement in
both the axis deviation and the tru"e angulation: The
mean imp-rovement of axis deviation ilas 1.73. This
decrease from2.7 I at time of cast ..rrnuut-to 0.9g attime of review indicated remodeiing had taken
' lage..l\e improvement in axis deviati"on followin!, midshaft fracture was i.76; following a distal frac_ture, it was 1.67, with no statistical iifference be_tween the two. Using true angulation, the distal
frac^tures improved by a mean of g.6. and the mid_shatt tractures improved a mean of 4.4". This dif_ierence was significanr (Fig. 4).
_.There was no relatio_nship between the degree ofdisplacement ar rime of injury turr.iiJLv axis de_vration a_r_time of injury) ind restriction t'f fo..urrnr-rotlon. However, the axis cleviation at time of pre_
:ntation correlated to the axis deviation at time ofcast removal. This suggested a trend in which se_

" JABIE 2- 
^Simple 

regression analysis of degrees oJ.restri.ction of forearm movement ani the ,atuZs for ixis
d e v i a t io n, t r u e a n g u I a t io n, -o* i 

^,,, 
* in g-,,: t n",io r, n n rt

fracture site,'

TABLE 3. Correlation berween restriction of J.orearm
ntovente nt untl a.ris tlLviatiott,'

Factor r f F
Axis deviation at review
True angulation at review
Age of patient
Axis deviation of injury
Axis deviation at union
iVlalrotation at union
True angulation at union
Fracture position

0. 19 0.04
0. t] 0.03
0. 14 0.02
0. l0 0.01
0.05 <0.01
0.09 <0.01
0.04 <0.01
0.01 <0.01

4.19
J,{J
2.70
l.l8
0.36
t.07
0.20
0.01

<0.05
>0.05
>0.0J
>0.05
>0.05
>0.05
>0.05
>0.0i

' From Study 2.

vere injury leads to a less perfect reduction and agreater degree of remodeling.

DISCUSSION

The axis deviation, by combining true angulation
and fracture position, may be of usi in the practical
management of fractures. The aim of manlgement
is to reduce the fracture so that after r.moaeling has
occurred, no significant restriction of forearm mo-tion is seen. An axis deviation of <2 aiieuie* tbe-ing 0.99 * I srandard deviarion (SD) i; our'reviiwl
would be an acceptable limit. Ai a iemodeling poi

AXiS
Devialion
Units

Axis
deviation

True
angulation

Nlaximum
angle

Fracture
site

(D%)

F test
p

0.7 t

0.50
8.99

<0.05

0.68
0.46
7.52

<0.0i

0.65
0.43
6.69

<0.05

0.i8
0.14
I al

>0. I

FlG,. 4. A and B: True,angulation and axis deviation at unionand review for study 2 subjects. Axis deviation inisnows ttreremodeling potential (the slope of the graph) to d" tn" ,urufor midshaft and distal fractures. nn6ulation-(BJ shows agreater degree of remodeling for prox'imal thari jistat trac-tures. Filled circles indicate axis deviation 
"nJ 

ungrtutionmidsha{t, and open circles indicate axis deviationlnO angu_lation distal.

" Data extrapolated from
ment group in Stu<ly l.

I I subjects in the restricted move-

J Petliatr Orrlrcp, Vo!. /+, Uo. Z, tqg,t



204 A. .'. E. YO{JNGER ET AI,.

Axis deviation at union
Axis deviation at injury
Axis deviation at review
Age at fracture
Position of fracture
Years since fracture

0.81 0.66
0.22 0.0-5

0. 19 0.04
0. 13 0.02
0.09 0.01
0.08 0.01

213 .99 <0.05
5.72 <0.05
4.08 <0.0_5

l.l8 >0.05
0.94 >0.05
0.65 >0.05

TABLE 4. Correlation betv,een remodeling and
axis deviation"

Factor r

tion of >20' (axis deviation of 8) caused a 3OVo re_
striction of forearm motion, or a 60. reduction in
range of movement. Kay et al. (14) found that miJ-
shaft fractures in the adult lorearm showed signifi_
cant restriction if > 18' angulation was prese t:.
with re-striction of pronation/supination of <45. rri
5-year follow-up. An axis deviation of 5 also cone_
sponds with the appropria{e guidelines determined
for distal fracture reduction (3,22).

The concept of displacement of the bone axis
away from the anatomic axis has been used previ-
ousiy in adult orthopaedics. The distance beiween
the mechanical and anatomicai axes of the lower
limb at the level of the knee joint is used to detei--
mine the required correction in total joint replaci -
ment (23). Bowen (4) used a similar index combir.-
ing angulation and fracture posirion to determine
the need for reduction after fracture of the fifth
metacarpal. Therefore, the combination of fracture
site position and true angulation to determine the
axis deviation of the radius after forearm fracture
appears to be a logical step in the prediction of out-
come.

The first study showed a correlation between true
angulation and restriction of forearm rotation. This

' From Stud), 2.

tential of 1.72 was seen (with an SD of 1.68), an axis
deviation remodeling of -3 could be expected.
Therefore, an axis deviation of <5 at time of cast
removal should result in a -qood outcome.

The axis deviation criteria of 5 corresponds to a
true angulation of 10" in the midshaft, 12.5" at the
junction of the middle and distal thirds, 20" in the
middle of the distal third, and 25'at the subphyseal
level of the distal third (Fig. 58). This is consistent
with the cadaver study of Matthews et al. (15), in
which angulation of <10" in the midshaft (coire-
sponding to an axis deviation of 5) caused no sig-
nificant restriction of forearm rotation, and angula-

5A

z
F

=

o
L

{ 1 t il

1
t\,'{ l \\l.\

\
\ts\r \

\ i_ \
\ \ Tqoa?

L\

0 10 ?0 30 40 50 60

Fmcture position as a percentage of bone length
(DEo)

FlG. 5. A and B: Matrices for determining
axis deviation. Using the matrix shown in (A),
the true angulation (M) can be estimated at
the lower right-hand corner using the angu-
lation from boih radiological views. The
lesser angulation is entererj on the X axis,
and the greater anguiation on the y axis. D%
(the position of the fracture as a percentage
of bcine length) can be estimated at the top
right-hand corner of the table by enterrng the
greater distance between the angulation and
the bone end on the X axis and the lesser
distance on the y axis. D% will be fcund at
the iniercept. These values (D"/" and M) are
entered in (B). M (true angulation) is entered
on the Yaxis and D"k (position) on theXaxis.
The intercept wiil lie on the appropriate value
for axis deviation. For example, a subject
with 20" angulation cn one view of a forearm
fracture and 18" angulation on the othervrew
will have a true angulation of 26.1". lf the dis-
tance between the fracture and each end oi
the bone is 4 and 10 cm, respectively, the D%
is 28. Entered on the graph, the intercept lies
on the axis deviation line f or 9, thus the axis
deviation is 9. We feel that all f ractures with
an axis deviation o{ >5 should be reduced.
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is the first time that this association has been made
by statistical analysis. Price et al. (19) expressed
doubts about whether angulation is significanr; our
findings add rveight to the argument thar it is. Horv-
ever, true angulation has less influence on outcome
than axis deviation.

The second group studied had excellent clinical
results, with only one subject complaining of re-
stricted forearm movement. in this study, children
with minimal delormity and no functional deficit
were used to determine the criteria for inadequate
reduction. If a group of children with greater aLfor-
mity at the time of cast removal was studied, then
more relationships might have been seen. A rela-
tionship between the remodeling potential of the
bone and age at time of fracture might also have
been seen.

The second clinical group differed from rhe first
in that it was a complete fracture group with no
exclusions. The mean age at fracture and fracture
patterns were similar to the first group; however,
the degree of reduction in forearm motion was
much less than in the first group, as was angular
malalignment. The larger number of subjects ol the
second group demonstrated a small (8.7") but sig-
nificant difference in forearm rotation between the
injured and noninjured sides. The only factor that
significantly correlated with restriction was the axis
deviation measured at time of review, which pre-
sumably reflected the effect of tire smaller malalign-
ment in this group. Axis deviation, however, only
accounted for a small amount of the variability seen
in the group. The effects of soft-tissue damage,
icarring of muscles, scarring of the interosseous
itembrane, and radioulnar joint damage were not
considered within the equation. These factors have
a variable effect on forearm range of motion. How-
ever, as the bony deformity becomes more pro_
nounced, the soft-tissue factors become less signif-
icant. Nilsson and Oberant (i7) found a mean re-
striction of 19' of forearm rotation upon reviewing
eighteen aduits who had suffered forearm fractures
in childhood with anatomic reductions. Although
ritial displacement did not correlate with restric-

.lon of forearm motion in our follow-up group, there
rvas a correlation between severity of injury and the
axis deviation at casr removal, which suggested that
a severe injury leads to a less adequate reduction
and a greater degree of remodeling.

Axis deviation criteria can be used in clinical
management. In the child whose forearm obviously
needs reduction at time of presentation, or when an
a!most anatomical reductron is achieved and main-
' ned, the calculation is of no value. However, for
i,,e child who has a minimally angulated fracture at
the time of presentation, or in *f,o* the quality of
reduction is questionable, then it is of value. If a
toss of reduction occurs in the cast and a decision
has to be made about re-reduction, or in the older
child who has had a closed reduction und op"n ..-

duction is contemplated, the axis deviation can be
used.

Axis deviation criteria provide a clearly defined
limit above which reduction is unacceptable be-
cause a poor outcome will likely result. Most of the
variables confounding angulation criteria are elimi_
nated. These variables include lhe angulation seen
in the opposite view, changes in magnification, and
the management of the regions between the classi_
cal thirds of the forearm. In this review, it was ob_
served that many fractures lay between the zones of
the lorearm, and, therefore, may be inappropriately
managed. The division into zones is artificiil, does
not reflect pathology, and only reflects an estimate
of position (25). Axis deviation allows accurare
management of the interzones, and allows the
whole forearm to be considered as one clinical en_
tity. In clinical management, axis deviation should
not be 

.us^ed for physeal fractures, as we feel they
are a different clinical entity, and should not be
used for proximal fractures, as too few fractures in
our study in this zone were seen for deductions to
be made.

._.The concept of true angulation is not new. Floyd
(7) showed that single-plane views of the lower limb
often lead to inaccurate assessment of angulation
deformity because the limb was positionedln vari_
ablerctations compared with the x-ray plate. Barr
and Breitfuss (2) demonstrated a methoa by which
the true angulation of a fracture site could be deter_
mined. This method was similar to the one use,l in
our study, with both being based on trigonometry
and the assumption of 90" orthogonal viEws. Vari_
able rotation between views can also occur during
f.9li_ow;up of a pediatric forearm fracture, making ii
difficult to assess whether reduction has been lost
or the angulation is the same and a different view
has been taken. This is not a problem if axis devi_
ation is used in management.

..The^remodeling potential seen in this study for
distal forearm fractures is similar to the remodiiing
ootential de_s_cribed by Ghandi et al. (11), Freibur!
(8,9), and Hogsrrom et al. (12). These authori
showgd that an angulation deformity of 10_20" at
the distal end of the bone would correct itseif with
growth. Midshaft remodeling, so far as can be as_
certained, has not been described for the hurnan
subject. Abraham (1) showed thai ihe midshaft of
the radius and tibia of an immature monkev would
correct at the rate of 5' per year, or a reduction of
28'could be attained for a 45" osteotomy. Karahag'u
et al. (13) showed a correction of deformity in dogs
f1ory 2! to 12' 160 days after osteoromy in'the mil-
shaft of the bone. They felt that the remodeling was
partly a physeal event and part subperiosteaf new
bone formation. This study confirmi the existence
of midshaft remodeling and demonstrates its rela_
tionship with distal shaft correction.

For clinical use, the axis deviation can be calcu_
lated using the matrices in Fig. 5. The index may
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also be calculated by programming a scientific cal-
cuiator, or using the formula on a computer. In
summary, axis deviation allows the pediatric fore-
arm shaft fracture to be managed as one clinical
entity. Subdivision inro midshaft and ciistal third
fractures is no longer necessary. Errors in the mea-
surement of angulation are reduced, and the remod-
eling potential of the forearm shaft can be pre-
dicted.
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